The role of electric vehicles in near-term mitigation pathways and achieving the UK\u27s carbon budget by Hill G et al.
Contents lists available at ScienceDirect
Applied Energy
journal homepage: www.elsevier.com/locate/apenergy
The role of electric vehicles in near-term mitigation pathways and achieving
the UK’s carbon budget
Graeme Hilla,⁎, Oliver Heidrichb, Felix Creutzigc,d, Phil Blythea
a School of Engineering, Systems for Future Mobility, Newcastle University, Newcastle upon Tyne NE1 7RU, UK
b School of Engineering, Tyndall Centre for Climate Change Research, Newcastle University, Newcastle upon Tyne NE1 7RU, UK
cMercator Research Institute on Global Commons and Climate Change, Torgauer Str. 12-15, 10829 Berlin, Germany
d Sustainability Economics of Human Settlements, Technical University Berlin, Straße des 17. Juni 135, 10623 Berlin, Germany
H I G H L I G H T S
• An accelerated EV program is needed to meet 2050 CO2 emission targets for the UK.
• Even under accelerated uptake, few CO2 benefits will be seen before 2030.
• The lack of impact before 2030 derives from slow vehicle stock turnover.
• With embedded production CO2, 2050 UK targets will need intense grid decarbonisation.
• There is an urgent need to pursue both EV uptake and demand side solutions.
A R T I C L E I N F O
Keywords:
Electric vehicles
Vehicle ownership
Vehicle production
Stock flow model
Climate change mitigation
A B S T R A C T
The decarbonisation of the road transport sector is increasingly seen as a necessary component to meet global
and national targets as specified in the Paris Agreement. It may be achieved best by shifting from Internal
Combustion Engine (ICE) cars to Electric Vehicles (EVs). However, the transition to a low carbon mode of
transport will not be instantaneous and any policy or technological change implemented now will take years to
have the desired effect. Within this paper we show how on-road emission factors of EVs and models of embedded
CO2 in the vehicle production may be combined with statistics for vehicle uptake/replacement to forecast future
transport emissions. We demonstrate that EVs, when compared to an efficient ICE, provide few benefits in terms
of CO2 mitigation until 2030. However, between 2030 and 2050, predicted CO2 savings under the different EV
uptake and decarbonisation scenarios begin to diverge with larger CO2 savings seen for the accelerated EV
uptake. This work shows that simply focusing on on-road emissions is insufficient to model the future CO2
impact of transport. Instead a more complete production calculation must be combined with an EV uptake
model. Using this extended model, our scenarios show how the lack of difference between a Business as Usual
and accelerated EV uptake scenario can be explained by the time-lag in cause and effect between policy changes
and the desired change in the vehicle fleet. Our work reveals that current UK policy is unlikely to achieve the
desired reduction in transport-based CO2 by 2030. If embedded CO2 is included as part of the transport emissions
sector, then all possible UK EV scenarios will miss the reduction target for 2050 unless this is combined with
intense decarbonisation (80% of 1990 levels) of the UK electricity grid. This result highlights that whilst EVs
offer an important contribution to decarbonisation in the transport sector it will be necessary to look at other
transport mitigation strategies, such as modal shift to public transit, car sharing and demand management, to
achieve both near-term and long-term mitigation targets.
1. Introduction
The transport sector has been identified as a key barrier to dec-
arbonisation based on the high costs of substituting energy-dense liquid
fossil fuels [1,2]. A potential solution is in the transition to electro-
mobility, and more specifically a shift from gasoline and diesel cars to
electric vehicles (EVs). Previous research has demonstrated that EVs
offer the potential for large scale reduction in carbon dioxide (CO2)
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emissions from the transport sector. The assertion that EVs can deliver
high CO2 emissions reductions requires better underpinning of detailed
national or regional studies that are informed both by empirical and
conceptual detail. The UK, which consists of four countries: England,
Wales, Northern Ireland and Scotland covering an area of 243,610 km2
and an estimated population of about 62 million people, offers itself as
an attractive case study due to its generally progressive climate policies
[3,4] and insular location, which reduces dependencies on international
and transit road users. In 2008, the Climate Change Act 2008 [5] was
introduced in the UK with the stated aim of reducing UK greenhouse gas
(GHG) emissions to 80% of the 1990 levels by 2050. The Committee of
Climate Change [6] estimated that transport is one of the largest CO2
emitters in the UK, with emissions in 2016 amounting to 26% of the
total GHG emissions. However, contrasting with substantial reductions
in other sectors, the transport sector has stagnated with the total
emitted CO2 remaining approximately equivalent to 1990 levels,
without any apparent signs of improvement. [7]
As road transport makes up 91% of domestic transport emissions
with cars and taxis accounting for 56% of all transport CO2 emissions in
2016 [8], one climate change mitigation strategy within the UK is to
focus on a shift to EVs in the passenger car fleet. To facilitate this the UK
Government has published the Policy Paper ‘Clean Growth Strategy’
[9], which has described the role EVs will play in both driving and
decarbonising the UK economy, in addition to the ‘Road to Zero’ policy
paper [10]. EV ownership increased by 180% in 2017 with 53,000
newly registered vehicles, or 1.7% of all newly registered vehicles [11].
Whilst this demonstrates a continued increase in EV purchase rates, it is
clear a bigger shift is needed to achieve 2050 CO2 emission reduction
targets, with the Committee for Climate Change [12] estimating that by
2030 some 60% of all newly registered vehicles will need to be an EV.
The fundamental goal of this research is to examine whether the
UK’s EV adoption policy, coupled with the likely technological changes
and vehicle transition models, will allow the UK to meet the transport
CO2 emission targets in both the near-term (2018–2030), and mid-term
(2030–2050) timescales. This is achieved through investigating the
climate mitigation effects of electrifying the UK’s passenger automobile
fleet, including emissions from both car usage and vehicle production
and including the likely timescales for the transition to EVs from ICE
vehicles.
Previous work has looked at the impact of EV adoption on reducing
CO2 emissions [13–15] and the impact on materials usage [16], in-
cluding possible forthcoming shortages in the necessary materials for
large scale EV adoption [17]. However this paper shows how embedded
CO2, which is defined in this paper as the CO2 emitted during the
production of vehicles, coupled with actual vehicle adoption data may
be used to determine the overall impact of EV adoption on the CO2
footprint of the transport sector within the UK. More specifically, we
examine how the UK may, or may not, meet the transport emission
targets for CO2 reduction set out in the Climate Change Act 2008 [5]
and how the inclusion of embedded CO2 will affect the overall emission
reduction.
We show that even with accelerated EV adoption ambitions, the
volume of EVs and thus their impact on CO2 emissions reduction, will
remain comparatively low until at least 2030. However, we provide
evidence that post 2030, under all EV adoption scenarios, the volume of
EVs and their cumulative CO2 emission reductions will begin to sub-
stantially increase. It will thus become necessary for cities, regions, and
countries to implement a dedicated EV policy framework designed to
facilitate the transition to a low CO2 emission passenger transport fleet
in the mid-term, but also to draw on other options, such as modal shift
and incentivized telecommuting, to reach the UK’s near-term CO2
emission mitigation targets.
1.1. Transport sector GHG emissions
In 2016 the transport sector, including international aviation,
accounted for 1080 MtCO2e (the total weight of CO2 which would have
an equivalent global warming potential) and contributed 27% to the
total GHG emissions across EU-28 countries [18]. Notably, it is the only
sector which has seen a rise of GHG emissions compared to 1990 levels.
This increasing share of GHG emissions from the transport sector fol-
lows a structural change dynamic, where the shift of economies from
industry to services corresponds to a rise of transport intensity in energy
use [19,20]. It is however also rooted in a supply/demand game of
making vehicles increasingly powerful and heavier thus compensating
for gains in technological efficiency [21]. The EU has developed a range
of policies in order to mitigate the effects from transport on climate
change with the majority aimed at reducing CO2 emissions, and hence
reducing total GHG emissions:
● CO2 emissions for new cars and vans: Car manufacturers have to
ensure that their new car fleet does not emit more than an average
of 130 g CO2/km by 2015 and 95 g CO2/km by 2020. Recent reg-
ulation proposals [22] have improved this to 67 gCO2/km by 2030,
a reduction of 30% over the 2020 levels.
● CO2 labelling of cars: EU legislation ensures that consumers are
informed about the fuel efficiency and CO2 emissions for new cars.
● Fuel quality: EU legislation requires the GHG intensity of vehicle
fuels to be cut by up to 10% by 2020.
Actions and inactions by central, regional, and local governments
will have profound effects as cities across Europe introduce mitigation
strategies to tackle the causes of climate change [3,23]. The European
Parliament has committed commits its member states to an ambitious
climate change strategy reducing GHG emissions and energy con-
sumption by at least 20% by 2020 using a 1990 baseline [24].
Importantly, the EU points to cities and local authorities as key
authorities to help the transition to low-carbon road transport. Local
actions explicitly includes the promotion of active travel, mode shift to
public transport, and schemes to reduce congestion. Cities can adopt a
full spectrum of policies available to promote low-carbon road trans-
port at local scale that involve procurement of electric vehicles, strin-
gent parking management, and the expansion of comfortable and safe
bike lanes. Importantly, many (but not all) of these policies can be
implemented within short time scales, and have immediate impact on
daily routines and travel choices. They may hence complement EU wide
action and provide near-team starting points for reducing transport CO2
emissions on the demand side.
1.2. EVs and national climate change mitigation targets
EVs have two major characteristics that render them key candidates
as new car technology. First, they can be charged with electricity from
low or non-CO2 emitting sources, which enables deeper decarbonisation
than for vehicles powered by biofuels [25].
Second, electric engines are vastly more efficient than ICEs or other
proposed technologies, such as compressed-air cars [26].
A study of the US car industry showed that EVs were a relatively
small market, lacking governmental guidance and policies with little
motivation for car-makers to accelerate their strategies away from ICE
technology [27]. However, a more recent review [28] has shown a
strong causal link between EV incentives and EV uptake, indicating a
growing market. In order to make road transport more sustainable, the
UK Government has promoted the uptake of ultra-low carbon vehicles
such as EVs, hydrogen powered vehicles, and vehicles powered by
biofuels [29] and to promote economic growth and to cut CO2 emis-
sions across England [30].
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2. Research data and methodology
2.1. Calculating vehicle stock turnover and UK EV adoption rates
The UK Committee on Climate Change surface transport CO2
abatement scenario from the fifth carbon budget [31] posits that EV
sales should reach 60% of all new car sales by 2030, which would re-
quire a growth rate in annual purchases of 33%.
This, combined with the introduction of a ban on the sale of new
petrol and diesel passenger cars and small vans in 2040 by the UK
government in 2017 [32] has allowed the creation of a series of pre-
dictions on the expected EV adoption rate within the UK, which would
be required to meet this target. By extrapolating to the 2040 target from
existing EV sales rates, which show an increase of 2074 in 2011 up to
5300 in 2017 [11], it is possible to predict EV sales up to 2040. This
prediction for EV car sales is shown in Fig. 1 along with a “Business as
Usual” case which assumes that current trends in EV sales will dominate
future rates [33].
To understand the impact of EV penetration, and the possible con-
sequences of policies dealing with EV purchases, it is necessary to un-
derstand how EV penetration will affect the passenger vehicle popula-
tion. The effective in-use CO2 footprint of a vehicle fleet will be
determined by the age of the fleet, the distribution of different vehicle
fuel-types and the annual mileage for the combination of these two
variables.
The UK Road Traffic Forecasts 2015 [34] predict that the expected
number of cars in the UK will grow from 25m in 2010 to approximately
35m in 2040. Therefore, to determine the vehicle population it is ne-
cessary to apply the scrappage rate to the vehicle population and then
allow a new vehicle purchase level which will match the predicted total
car numbers. This may be described as:
= −V P SVΔ (1)
where V is the vehicle population, P is the purchase rate and S is the
scrappage rate. The vehicle population can be expanded into a more
complete form.
∑=
=
V Vy
a age
a
y
(2)
where Vy is the total number of vehicles in year y and Vay is the number
of vehicles in year y of age a.
∑= + −+ +V αP V βS(1 )y y
a
a
y
a
1 1
(3)
Combining (1) and (2) gives (3) where +Py 1 is the purchase rate in
year y+ 1, Sa is the scrappage rate for a vehicle of age a. α and β are
“balancing” variables to allow the change in vehicle numbers to match
our predicted numbers.
The scrappage rate is derived from a road worthiness test, the UK
Ministry of Transport test, conducted annually for each vehicle in the
UK. The data is collated and released in an anonymised form by the UK
Department for Transport [35]. Contained within the dataset is the
result of each road worthiness test, including a unique vehicle ID which
allows vehicles to be tracked in subsequent years and only disappears
from the dataset when that vehicle is scrapped or otherwise taken off-
road. Previous work [36] has used this data to explore spatial and social
variations in car usage but here it is used to determine the probability of
a vehicle being scrapped and also the initial age profile of all vehicles in
the UK. Due to the lack of vehicle import/export between the UK and
other countries it is possible to deal with the UK vehicle fleet as an
isolated vehicle population.
It is further possible to split the vehicle population by fuel-type
(diesel, petrol, electric).
∑= + −+ +V αP V βS(1 )f y f y a a f
y
a f
1 1
, , (4)
Here f represents the fuel type with the following constraint.
∑ ∑ ∑=
= = =
V V
f fueltype f
y
f fueltype a age a f
y
, (5)
Finally, it is possible to calculate the total on-road emissions via:-
∑=Em V M Ey a f a f
y
a f
y
a f
y
, , , , (6)
Where Ma f
y
, represents the total distance travelled for a vehicle of fuel
type f, age a and in year y and Ea f
y
, represents the emission rating for a
given vehicle of fuel type f, age a and in year y.
2.2. Calculating UK embedded CO2 emissions for vehicle manufacturing
In addition to the on-road CO2 emissions it is also necessary to
calculate the embedded CO2 from vehicle production. EVs are typically
a more resource intensive vehicle at the original manufacture point,
and ignoring the CO2 emitted during their production will artificially
inflate their environmental benefit over traditional vehicles.
The embedded CO2 will be given by the number of new vehicles
produced in any given year for each specific fuel type and can be cal-
culated for each year as:
∑= =Emb V PCy f a f
y
f
y
0, (7)
In Eq. (7) PCf
y is the CO2 produced in the manufacture of a vehicle
with fuel type f in year y. =Va f
y
0, is the national number of vehicles of fuel
type f, with age 0 in year y.
2.3. On-road CO2 emissions from EVs and ICEs
If EVs are to be a possible solution for reducing CO2 emissions from
the transport sector, then it must be shown that EVs will deliver a net
reduction of CO2 emissions if they replace internal combustion engine
(ICE) vehicles on a like for like basis.
In SwitchEV, a large scale EV deployment and assessment research
project within the UK [37,38], the installation of loggers on 44 EVs
allowed for the collection of real world data, which included driving
behaviour and vehicle recharging events. From the time of each re-
charge event it was possible to assign a gCO2/kWh value to the energy
being stored in an EV battery. This value is derived from the power mix
used to generate the electricity at the time of charge. When on a
journey, the energy used by the vehicle is monitored so an average
gCO2/km travelled could be assigned to a particular trip.
Fig. 2 shows the average gCO2/km for all trips. The average for the
whole logged EV fleet during the period 2011–2013 was 85 g CO2/km.
This number was originally calculated using the 2011–2013 carbon
intensity but assuming the same trip/charging patterns it can be shown
that under the 2017 carbon intensity the average gCO2/km would drop
to 43 gCO2/km. In the UK in 2010 the new car average was 140 gCO2/
km and in 2015 the Society of Motor Manufacturers and Traders
(SMMT) has reported that this is now down to 121 gCO2/km. The
published figures from the SMMT were originally calculated based on
Fig. 1. Comparison of Business as Usual and 2040 EV Adoption Target
Scenarios, 2010–2040.
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the assumption that the stated fleet efficiencies are correct when in
reality they are likely to be underestimated by 30–40 % [39]. Currently
the targets are based on the stated fleet efficiencies, rather than actual
CO2 emissions. Therefore, if calculations going forward are based on
the actual CO2 emissions, then the ability of the fleet to hit the intended
targets will be substantially impeded.
2.4. Embedded CO2 emissions from vehicle manufacture
The full CO2 emissions associated with an EV will also include the
CO2 produced during its manufacture as well as those produced during
the car’s lifetime. For the UK, the most comprehensive report on pro-
duction-related CO2 emissions from the manufacture of EVs and ICEs
was published by Ricardo [40]. The report found that production in the
UK of a standard mid-sized ICE will result in emissions of 5.6 tCO2,
whilst production of an equivalent sized EV will result in CO2 emissions
of 8.8 tCO2.
The exact amount of CO2 emissions from production of both ICEs
and EVs is a matter of some dispute with a wide range of possible fig-
ures depending both on the assessment methodology used (e.g. “bottom
up” versus “top down”) and the assumptions made in the production
stage [41,42]. However, the most extensive work on battery production
[43] provides a value of 150–200 kgCO2/kWh. This leads to an excess
of 4.2 tCO2 for a 24 kWh battery (the battery size for the initial Nissan
Leaf models which would correspond to an 80–100 km range) which,
assuming the same CO2 production emissions for the vehicle body and
reduced production emissions for the EV drive train, will lead to a value
similar to that shown in the earlier work by Ricardo. Hence, to more
easily maintain compatibility with previous publications, the Ricardo
production related CO2 emissions will be used in this work.
The production-related CO2 emissions are a product of the processes
used to create the vehicle. Approximately 50% of the total energy used
in the production of vehicles coming from the electricity grid [44] and
as such this value will vary depending on the country of origin, and the
expected year of manufacture. A vehicle constructed in a country which
extensively uses coal-fired power stations will be more CO2 intensive
than the same vehicle constructed in a country dominated by renewable
energy sources. For example, the CO2 emissions from production of a
vehicle produced in Japan would be higher than that same vehicle
produced in the UK, due to the higher CO2 intensity in Japan.
Similarly, a vehicle constructed in 2040 will be less CO2 intensive
(assuming a decarbonisation of the electricity production) than a ve-
hicle constructed now. The UK has already observed strong grid dec-
arbonisation with a reduction in 2017 of approximately 50% over 2010
levels [45]. This level of decarbonisation is higher than that originally
estimated by the committee on Climate Change [12] but progress on
decarbonisation beyond 2030 is uncertain. Beyond 2030 the carbon
intensity projections split into two broad categories, with increased
nuclear generation capability leading to a decarbonisation level of 80%
and no new nuclear generation giving a decarbonisation of 30–50%
[45]. Within this work the decarbonisation is assumed to be either 80%,
the UK government’s expected level, or 50%, a more conservative
“worst case” scenario.
The two most popular full electric vehicles in the UK (discounting
plug-in hybrids such as the Mitsubishi Outlander PHEV) are the Nissan
Leaf and the BMW i3, which are manufactured in the UK and Germany
respectively. However the Nissan Leaf is substantially the most popular,
with sales of over 19,000 to up to the end of 2017 compared to 9000 for
the BMW i3 [46]. For the purposes of this work, it is therefore assumed
that vehicles are manufactured in the UK as this is the main manu-
facturing location of the Nissan Leaf. While Tesla models belong to the
best-selling EV models worldwide, they are not the best-selling model in
the UK. In addition, due to their positioning as a high end vehicle, they
are not indicative of the typical mass-market ICE for EV swap.
3. Results
3.1. Projections and impacts for EV adoption scenarios on on-road CO2
emissions
As a preliminary step we calculated the on-road CO2 emissions
under multiple different scenarios from 2014 to 2050. This is a fun-
damental first step as it both allows us to evaluate how the different
scenarios would serve to meet the transport climate reduction targets
set out in the Climate Change Act 2008 [5] and also form the basis of a
combined on-road and embedded production CO2 emission value.
It was assumed that the current vehicle fleet would be steadily re-
placed with new vehicles, of which a certain proportion would be EVs.
As the new vehicles are introduced, the CO2 emissions of the entire fleet
would reduce as the older, less efficient vehicles are replaced by either
more modern, lower-emitting ICE vehicles or by EVs. Previous research
[47] on Norwegian transport emissions has shown the effect of tem-
poral lag on CO2 emissions from vehicle transition rates.
It should be noted that the older vehicles are not necessarily being
directly replaced by new vehicles. In reality first-hand vehicles would
transition into second-hand vehicles, of which a proportion would be
scrapped. However, the net result is that a certain number of new ve-
hicles will be added to the fleet whilst a certain number of older ve-
hicles will be scrapped. This transition is governed by Eq. (3). In ad-
dition, the stated gCO2/km metric for each new ICE vehicle would
improve with each year from 130 gCO2/km in 2015 to the predicted
pan-European target of 95 gCO2/km in 2021 [48]. However, as has
been previously shown [39] the type approval stated efficiencies, de-
rived from laboratory tests, underestimate the CO2 emissions when
compared to on-road emissions tests and hence for the following cal-
culations, the emissions have been increased to bring them in line with
the more likely actual emissions. To account for this uncertainty in
future ICE efficiency improvements, it is assumed that there are two
scenarios for ICE vehicles representing a reduction to 60% and 80% of
the 2011 values respectively.
In addition to ICE improvements in efficiency, there will be im-
provements in CO2 emissions intensity of the power which is being used
to recharge EVs. Finally, in addition to the turnover of vehicles, there
will be a steady increase in the number of vehicles on the road ac-
cording to the forecasts by the Department for Transport’s National
Transport Model [35].
The EV adoption levels are either “Business as Usual” or the targeted
EV goals of no new ICE vehicles by 2040. The ICE vehicles are either a
reduction in CO2 emissions to 60% or 80% of current emissions levels.
Similarly, the power grid decarbonisation is assumed to improve to
either 50% or 80% over current rates with 80% being the expected
decarbonisation and 50% a more conservative estimate. Each possibi-
lity for EV adoption rate, ICE efficiency improvement and power dec-
arbonisation is combined and shown in table 1.
Fig. 3 presents the results of combining the different scenarios for
Fig. 2. Distribution of the CO2/km for 63,000 EV journeys plus the average
efficiency under 2011–2013 and 2017 carbon intensity. Also shown, the com-
parative values for an average new car in 2015.
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EV adoption, ICE efficiency improvements, and power supply dec-
arbonisation.
Fig. 3 shows that the reduction in on-road CO2 emissions falls into
three broad groups:
Group 3, the targeted EV adoption scenario coupled with the 80%
decarbonisation of the electricity supply, shows the largest reduction in
on-road CO2 emissions. Within this scenario, variation in ICE im-
provements has little effect on the total CO2 reduction, in part due to
the increased adoption of EVs and concomitant lack of ICE vehicles with
the predicted efficiency improvements.
Group 2, the targeted EV adoption scenario coupled with the 50%
decarbonisation of the electricity supply, shows the second largest re-
duction. In this scenario, similarly to group 3, the increased adoption of
EVs means that increased ICE efficiencies have little overall impact but
the lack of decarbonisation compared to group 3 leads to increased
overall CO2 emissions.
Finally, group 1 shows that with a greatly reduced level of EV up-
take, it is the improvements in ICE efficiency that will deliver the
greatest improvements in CO2 emissions.
Fig. 3 also shows that there is minimal difference between any of the
scenarios before 2030. Up to this point the reduction in CO2 for the
vehicle fleet is being driven by the turnover of ICE vehicles with older
vehicles being replaced with newer, more efficient models.
3.2. Combined embedded production and On-Road CO2 emissions
In addition to on-road CO2 emissions, it is also necessary to look at
the embedded CO2 emissions from vehicle production.
In many life cycle assessments of EVs and ICEs, the effect of em-
bedded CO2 is ameliorated through applying the embedded CO2 over
the full life time of the vehicle. Whilst this is a valid approach in de-
termining whether a vehicle is carbon neutral or not, it is not a valid
approach when determining the overall CO2 impact of a policy. The
emitted CO2 from production will be emitted over the course of a ve-
hicle’s manufacture, not over the course of its lifetime; hence the impact
of CO2 will occur at the time of manufacture. The argument to include
production CO2 at the time of manufacture is even more striking from
an analysis of the physical processes behind the CO2 effect as a
greenhouse gas, as the radiative forcing of CO2 will have an impact
from the time of emission [49].
In Fig. 4 we can see the impact of adding emitted CO2 from vehicle
production to the on-road CO2 emissions. In addition, the effect of a
decarbonisation of the electricity grid by 50% over 2014 levels is de-
monstrated. The decarbonisation [50] predicted for the UK will lead to
a strong reduction in the embedded CO2 associated with the manu-
facture of each vehicle. Non electricity dependent production processes
are assumed, due to a lack of relevant studies, to follow the same trend.
In a similar fashion to the on-road CO2, there is little difference
between the two scenarios before 2030, in either the on-road CO2 or the
embedded CO2. After 2030 the data begins to strongly diverge with the
Targeted Scenario offering a reduction in total emitted CO2 of ap-
proximately 20 MtCO2 by 2050. In addition, the assumption of a 50%
decarbonisation of the carbon intensity used in EV and ICE production,
leads to a larger reduction in total emitted CO2 by the passenger vehicle
transport sector.
In Fig. 5 the relative proportions for the main transport emissions
for the BAU and Targeted scenarios at 50% decarbonisation, as well as a
third scenario with 80% decarbonisation. In each figure the CO2
emissions are split into either embedded or on-road CO2 and then fur-
ther split by vehicle type, either ICE or EV.
For both the Targeted and Targeted plus 80% decarbonisation sce-
narios the largest single source of CO2 emissions in 2050 come from the
production of the vehicle. This is in contrast to the case currently where
the vast majority of CO2 is emitted from the on-road portion of the
transport CO2 emissions.
It can be seen that for the Targeted plus 80% decarbonisation sce-
nario, the goal of 20% of 1990 CO2 emission levels will be reached.
If production decarbonisation were not included in the three uptake
scenarios then a much greater proportion of the CO2 emissions for both
the accelerated and targeted EV growth scenarios would be embedded
Table 1
Eight scenarios combining the options for EV adoption, ICE efficiency improvement and power supply decarbonisation.
Scenario EV Adoption Rate ICE CO2 Emission Intensity Reduction, 2014–2050 Power Supply Decarbonization Rate, 2014–2050
1 Business as Usual 60% 50%
2 Business as Usual 60% 80%
3 Business as Usual 80% 50%
4 Business as Usual 80% 80%
5 Targeted 60% 50%
6 Targeted 60% 80%
7 Targeted 80% 50%
8 Targeted 80% 80%
Fig. 3. Level of carbon reduction within the private vehicle sector for scenario variations.
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in the productions of EVs. The impact of limited decarbonisation on
embedded CO2 would lead to overall CO2 emissions at approximately
50% of the 2014 levels. This is substantially higher than is required by
the Climate Change Act 2008.
4. Discussion
Across the world the question of how fast transport electrification
can contribute to climate change mitigation targets is of high interest,
given the challenge of steep decarbonisation required to keep global
warming below 1.5 °C or 2 °C [51]. Our analysis shows that under all
possible adoption scenarios, increased EV adoption will only show a
significant benefit compared to the BAU case after 2030 and it will only
lead to a change that is greater than 10% after 2040 (Fig. 5). Prior to
this, the improvement in transport CO2 emissions will be driven by the
natural transition to a newer vehicle fleet, with the efficiency im-
provements this entails. Past 2040, it is only the 100% EV sales by 2040
ambition that will achieve the necessary reduction in on-road CO2
emissions as stipulated in the 2008 Climate Change Act. Without the
2040 ambition it is predicted that the total on-road CO2 emissions in
2050 will be 32 MtCO2. This is substantially short of the required re-
duction to 18 MtCO2 corresponding to 20% of 1990 emission levels.
However, this assumes that the on-road CO2 emissions are the only
metric which is applicable. The Climate Change Act does not specify
which sectors must provide the necessary reduction in CO2 only that the
overall CO2 level must be reduced by 80% on 1990 levels. Therefore it
would be disingenuous to base the CO2 emissions reduction calculations
on only the on-road CO2. Fig. 5 shows the result of including both ICE
and EV embedded CO2 emissions in the manufacture of vehicle. It can
be seen that in both the Targeted and Targeted plus 80% dec-
arbonisation scenario, the largest source of CO2 emissions comes from
the production of EVs. The on-road carbon footprint of the ICE vehicles
is substantially reduced due to the turnover of vehicles past the 2040
target coupled with the improvements in efficiency for the new ICE
vehicles, with the embedded production CO2 of ICE reduced to zero due
to the same target. On-road CO2 for the EVs is also much smaller be-
cause of the decarbonisation of the electricity supply. If embedded CO2
is included in the reduction calculations (and also included in the 1990
carbon target) then only the targeted plus 80% decarbonisation sce-
nario will meet the 2050 targets, with a final total CO2 emission of 16.5
Fig. 4. The change in total CO2 emissions from production and on-road sources from 2014 to 2050, including embedded carbon, under two different decarbonisation
and EV uptake scenarios.
Fig. 5. Total transport carbon from all sources for three scenarios, BAU, Targeted and Targeted with 80% decarbonisation. The dashed line represents the CO2 target,
set at 20% of 1990 levels.
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MtCO2. The targeted plus 50% decarbonisation scenario will show a
final total emission of∼40 MtCO2 (approximately 35% of 1990 levels)
with the BAU Scenario substantially higher than that. This remains over
15 MtCO2 more than the 20% of 1990 levels required.
From Fig. 5 it can be seen that the vast majority of CO2 emissions
reduction in the transport sector would be delivered simply by the re-
placement of old ICE vehicles with new, more efficient vehicles. It was
shown that whilst improved efficiency in new build ICE vehicles cou-
pled with the year on year turnover of vehicles is the largest driver in
near term CO2 reduction, it will not provide the needed mid to long
term results. Achieving a lasting long term reduction in CO2 emissions
will be dependent on a greatly increased EV uptake coupled with an
intensive decarbonisation of the power supply used in both the re-
fuelling of EVs and also their production. Assuming that the current
technological trends in CO2 reduction for ICE/EV vehicles and their
production will continue is not an unreasonable assumption, but it is
also a wager on future technological improvements which could lead to
a transport policy based on vehicle and production efficiencies which
never arrive. For such transitions it is vital to understand not only the
environmental effects of a move to EVs, but also how this will affect the
costs, revenues, and business structures for EVs throughout their value
and life cycle chain.
It should be stressed that the conclusions reached in this paper are
dependent on a large series of assumptions on, for example, future
vehicle numbers, vehicle scrappage rates, future improvements in ve-
hicle efficiency and decarbonisation of the electric grid. Where possible
these assumptions have been justified with reference to literature or
statistics but a certain level of judgment has been used in balancing
across scenarios. The numbers presented are also drawn from the UK
case, they would not be representative of France, for example, where
the CO2 intensity of the electricity supply is significantly lower.
A final consideration is the issue of global and local air pollution.
For a number of years now, it has been known that the Euro standard
emissions for both petrol and diesel vehicles have resulted in some
vehicle types emitting much more pollutants and CO2 in real-world
driving than is expected from the actual limits specified for the tests.
This may, in some way, trigger policies that aim to reduce vehicle
emissions for health purposes as well as reducing CO2 [52]. Moreover,
if conformance to the emissions in tests and those in real-world driving
move closer to 1:1 following the next round of negotiations for post
Euro 6 emissions regulations from 2021, it may provide a better defined
pathway for motor manufacturers to offer more EV models and at a
more affordable price. Coupled with this is the trend for cities to look
towards introducing clean air zones where older, polluting vehicles will
be financially penalised for being in these zones.
5. Conclusions
Our analysis shows that whilst EVs, coupled with a decarbonised
power grid, are the best option for achieving long-term wide ranging
decarbonisation of the transport system, they will show little impact in
the short term. The effects of accelerated EV adoption will only become
significantly apparent post 2030 as the older, less efficient ICE vehicles
are aged out and this is not only based on the relatively slow diffusion
of new vehicles into the vehicle fleet but, more relevantly, in up-front
CO2 emissions from vehicle production when the electricity sector has
not yet been fully decarbonized. However, mitigation effects from on-
road usage will become significant after 2030 as both CO2 emissions
from on-road usage and from vehicle production decrease further. A
key-point to take away from this work is that there exists a natural lag
between the implementation of any policy to drive EV adoption and its
subsequent effect on CO2 emissions on the transport fleet. Policies
should be implemented with the understanding that they may not
produce meaningful results for potentially a decade or more. Hence, to
achieve mid-term climate targets, it is important to invest now in the
electrification of passenger fleets, e.g. by public procurement, efficiency
standards, improved information provision [53], purchase taxes on
non-electric vehicles, and charging infrastructures.
Whilst EVs will not provide a solution for near-term CO2 mitigation,
it will be possible to achieve the short term CO2 emission reduction
goals through demand-side solutions, rather than simply focussing on
the supply side solutions implied by EVs. Whilst the majority of change
in on-road CO2 emissions (for light duty passenger vehicles especially)
has come from technological improvements, demand side solutions to
either reduce travel demand or induce a modal shift hold promise, often
also for quality of life [54]. Demand side solutions of this nature can be
implemented alongside the technological solutions and will provide a
multiplier effect that will not be dependent on possible future tech-
nologies.
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